We used sea urchin embryos as bioindicators to study the effects of exposure to sublethal cadmium concentrations on the expression of the metallothionein (MT) gene stress marker. For this purpose, the complete complementary deoxyribonucleic acid of the species Paracentrotus lividus (Pl) was cloned and sequenced. Northern blot analysis showed that basal levels of Pl-MT messenger ribonucleic acid, having an apparent size of 700 bases, are expressed in all developmental stages analyzed, from early cleavage to pluteus. However, when embryos were continuously cultured in sublethal CdCl 2 concentrations and harvested at cleavage, swimming blastula, late gastrula, and pluteus stages (6, 12, 24, and 48 hours after fertilization, respectively), a time-and dose-dependent increase in the transcription levels of the Pl-MT gene was observed. Interestingly, although microscopical inspection revealed the occurrence of abnormalities only after 24 hours of exposure to the pollutant, Northern blot and reverse transcriptasepolymerase chain reaction analyses revealed significant increases in Pl-MT expression levels already after 12 and 6 hours of exposure, respectively. Therefore, this study confirms the validity of MT as marker of exposure and provides evidence that Pl-MT and sea urchin embryos can be a potentially valuable and sensitive model for testing in very short periods of time seawaters heavily contaminated with cadmium.
INTRODUCTION
Changes in the environment, injuries, diseases, and even growth and differentiation place organisms under stress; consequently, they have evolved molecular and cellular mechanisms to cope with different forms of stress. Cadmium is a potent industrial pollutant (Flick et al 1971) ; its toxicity has been described in many organisms, as well as its potential teratogenic and mutagenic actions (Parizek 1965; Samarawickrama and Webb 1979; Umeda and Nishimura 1979) . Although cadmium and other heavy metals, such as zinc, copper, and mercury, are natural constituents of the seawater, present in trace concentrations, when overconcentrated as a result of accidents, they can be considered as strong pollutants. Marine contamination by heavy metals can reach high levels and may disturb the marine ecosystems, especially because heavy metals can accumulate in marine organisms (Radenac et al 2001) . Ultimately, consequences are felt by mankind. As an example, in the 1950s cadmium and mercury intoxication in humans caused the so-called itai-itai disease, the effects of which are still present and are being studied in many victims living in Minamata (Japan) (Jouany 1998; Kondo 2000) .
Marine invertebrates are highly sensitive to many environmental stressors, and consequently, the analysis of their biomolecular responses to environmental hazards has gained the attention of many laboratories. A few stress proteins have been used as tools to detect marine environmental pollution, among which the metallothioneins (MT) and the hsp70 (Lyons-Alcantara et al 1998; Mü ller et al 1998; Schrö der et al 1999; Cajaraville et al 2000; Matranga et al 2000 are widely accepted biomarkers of exposure.
MTs belong to a multigenic protein family, which consists of low-molecular weight proteins with a high content of cysteine, capable of binding to heavy metals (zinc and cadmium). Because of its characteristics, this class of proteins is involved in the transport of heavy metals and cellular detoxification processes, and probably it retains an antioxidant function (for a review, see Vasak and Hasler 2000) , although its primary function is not yet clear and other specific functions have been studied (Vasak and Hasler 2000) . MTs are ubiquitous proteins present in many organisms, from humans to plants (Kagi et al 1984) ; human MTs are expressed constitutively and can be induced by both heavy metals and glucocorticoids (Richards et al 1984) , indicating a complex network of regulation of MT gene transcription.
The sea urchin embryos have been shown to be a suitable model for studying regulation of MT genes during development. Nemer et al (1985 Nemer et al ( , 1991 isolated 3 MT genes that were termed SpMTa, SpMTb1, and SpMTb2 on the basis of the species from which they were isolated (Strongylocentrotus purpuratus). These genes have been shown to have similar nucleotide sequences but different temporal and spatial expressions during embryogenesis. Their expression is enhanced by treatment of the embryos with Zn and Cd ions and inhibited after heavy-metal depletion by the addition of a chelator (Wilkinson and Nemer 1987) . Although complementary deoxyribonucleic acids (cDNAs) coding for MTs from the sea urchins Sphaerechinus granularis and Sterechinus neumayeri have recently been isolated (Scudiero et al 1997) , MTs from the Mediterranean sea urchin species Paracentrotus lividus were so far known only at the protein level, as purified by gelpermeation chromatography, anion-exchange chromatography, and high-performance chromatography (Scudiero et al 1995) .
The aim of this study was to examine the levels of expression of MT gene in P lividus embryos continuously exposed to sublethal concentrations of cadmium chloride in an attempt to find a very early stress marker. For this purpose, the cDNA coding for MT in P lividus was first isolated by reverse transcriptase-polymerase chain reaction (RT-PCR), cloned, and sequenced. Northern blot and RT-PCR analyses were used to assess the extent of gene expression, which was correlated with morphological effects on sea urchin embryo development.
MATERIALS AND METHODS

Embryo cultures and morphological analysis
Gametes were collected from gonads of the sea urchin P lividus, harvested from the West Coast of Sicily. Eggs were fertilized and embryos reared at 18ЊC in Millipore-filtered seawater in the presence of antibiotics (50 mg/L of streptomycin sulfate and 30 mg/L of penicillin) at the dilution of 2000/mL in glass beakers. In cadmium-exposure experiments, embryos were continuously cultured after fertilization in the presence of 10 Ϫ5 , 10 Ϫ4 , and 10 Ϫ3 M CdCl 2 , and their development was monitored at stages of interest. For total ribonucleic acid (RNA) extraction, embryos were collected by low-speed centrifugation at 4ЊC and processed as reported in the following. Morphological analysis of embryo development was performed after immobilization of embryos by 0.1% formaldehyde (final concentration) in seawater. Photographic recording was performed with an Olympus microscope (OSP-MBI).
RNA extraction
Total RNA was extracted from embryos at different developmental stages according to the methods of Chomczynski and Sacchi (1987) . The RNA was then precipitated by addition of an equal volume of LiCl (overnight; 4ЊC) and quantified by readings at 260 nm using an Eppendorf biophotometer.
Isolation of Pl-MT by RT-PCR and cloning
Total RNA (10 g) from the prism stage embryos was reverse transcribed using Superscript reverse transcriptase (GIBCO-BRL, Invitrogen, San Guiliano Milanese, Italy), following the instructions of the manufacturer. An aliquot of the cDNA obtained was used to perform the PCR. The PCR primers were designed on the basis of the S purpuratus SpMTa gene nucleotide sequence (Wilkinson and Nemer 1987) using the P lividus codon usage. The forward primer was an ATG-containing 21-mer (5Ј-AATTTCATCACCATGCCTGAC-3Ј), and the reverse primer was a 24-mer (5Ј-AGGTCTGCTTGGAGCA-TGTTGGCA-3Ј), mapping in the 3Ј UTR. The PCR reaction was carried out in 25 L of final volume containing 0.8 M primers, PCR buffer-MgCl 2 (1ϫ), 0.2 M diethylnitrophyenyl thiophosphate, 2 units of Taq polymerase (Pharmacia, Amersham, Piscataway, NJ, USA). Conditions were 1 cycle: denaturation at 94ЊC for 3 minutes; 40 cycles: denaturation at 94ЊC for 30 seconds, annealing at 55ЊC for 45 seconds, and extension at 72ЊC for 30 seconds; and 1 cycle: final extension at 72ЊC for 10 minutes. The PCR product was run on a 3% agarose gel stained with ethidium bromide. A unique band was visualized, having an expected size of about 300 bases. The amplification product was then eluted from agarose gel and cloned into a TOPO-TA vector II (Invitrogen, San Guiliano Milanese, Italy), following the protocol of the manufacturer. The insert was sequenced with T7 and Sp6 primers using Sequenase version 2.0 Kit (USB, Cleveland, OH, USA) (Sanger et al 1977) . Sequence identities were analyzed using BLAST 2, version BLASTN 2.1.2, on the server at National Center for Biotechnology Information. Accession number for P lividus cDNA sequences deposited to the EMBL database is AJ310190.
Northern blotting
Total RNA was isolated from embryos continuously exposed to cadmium chloride and harvested at different developmental stages as previously described; 10 g of RNA was run on 1.5% agarose gel, under denaturing conditions (formamide 50%, MOPS 1ϫ, and formaldehyde 5.5%). RNA was blotted by capillary transfer in 20ϫ standard saline citrate (SSC) into a Hybond nylon membrane and UV cross-linked (30 seconds at 254 nm). Hybridization conditions were chosen according to the DIG-Nucleic Acid Detection protocol (Roche, Basel, Switzerland), using an antisense DIG-labeled RNA probe, obtained by in vitro run-off transcribed by Sp6 polymerase. Hybridization was performed in denaturing hybridization solution containing 50% formamide at 50ЊC. The stringency wash was carried out in 0.2ϫ SSC-0.1% sodium dodecyl sulfate at 50ЊC. After detection, band intensities were quantified by scanning, using a Gel Doc 1000 (BIO-RAD, Hercules, CA, USA) equipped with a Multi-Analyst program, version 1.1. Values obtained were expressed in arbitrary units (AU) as the ratio from treated to control embryos.
Relative RT-PCR analysis
Total RNA (50 ng) was used for the 1-step RT-PCR reactions, using the above-described primers, according to the Invitrogen protocol. This method is performed in a single tube, first a cycle of RT at 45ЊC for 30 minutes and then the canonic PCR steps (1 cycle: denaturation at 94ЊC for 3 minutes; 40 cycles: denaturation at 94ЊC for 30 seconds, annealing at 55ЊC for 45 seconds, and extension at 72ЊC for 30 seconds; and 1 cycle: final extension at 72ЊC for 10 minutes). Reaction products were analyzed by 2% agarose gel. To calculate the relative expression of Pl-MT, band intensities were quantified by scanning, using a Gel Doc 1000 detection system (BIO-RAD) equipped with a Multi-Analyst program, version 1.1. Values obtained were expressed in AU as the ratio of RT-PCR product from treated to control embryos.
Sequence comparisons
Multiple alignments were performed with CLUSTALW, version 1.6 (Thompson et al 1994) . Phylogenetic trees were constructed on the basis of aa sequence alignments by neighbor joining, as implemented in the ''Neighbor'' program from the PHYLIP package (Felsenstein 1993) . The distance matrices were calculated using the Dayhoff PAM matrix model as described (Dayhoff et al 1978; Nicholas and Nicholas 1997) . The degree of support for internal branches was further assessed by bootstrapping (Felsenstein 1993) .
RESULTS
Morphological effects of CdCl 2 treatment on P lividus embryos
To study the effects of cadmium exposure on development and morphogenesis, embryos were continuously cultured in seawater containing increasing sublethal CdCl 2 concentrations. About 100 embryos were sampled, and the frequencies of developmental defects were determined, as reported in Table 1 , according to the morphological criteria schematized on the top row. In preliminary experiments, high CdCl 2 concentrations (2 ϫ 10 Ϫ3 M) were tested and were found to be lethal to the embryos that continued their development for 12 hours and finally died (not shown). Similarly, we found that embryos exposed to cadmium in the molar range reported in Table  1 developed with no significant differences with respect to controls until the swimming blastula stage, corresponding to about 12 hours after fertilization (not shown). However, when control embryos reached the late gastrula stage (Fig 1a) , corresponding to about 24 hours of culture, cadmium-exposed embryos exhibited defects in their normal development. The frequency and the severity of abnormalities increased with the increase in the concentration of CdCl 2 present in the seawater. At the highest cadmium concentration used (10 Ϫ3 M CdCl 2 ), 51-67% of the embryos were found at the early gastrula stage (Table 1, EG; Fig 1c) ; severe impairments in development were found in 48-32% of the embryos, whose cells ingressed the blastocoelic cavity without following the correct patterning but accumulating disorderly (Table 1, aBl; Fig 1d) . Developmental defects were also observed in embryos cultured in the presence of lower cadmium concentrations (10 Ϫ4 M CdCl 2 ), ie, 86-92% of the embryos reached the gastrula stage, but no spicule rudiments were formed (Table 1, aLG; Fig 1b) . Similarly, 65-74% of the embryos cultured in the presence of the lowest concentration of cadmium tested (10 Ϫ5 M CdCl 2 ) showed a spicule-rudiment-lacking gastrula morphology (Table 1, aLG). On the contrary, control embryos, as well as a small percentage of embryos exposed to 10 Ϫ5 M CdCl 2 , were found at the late gastrula stage, showing the correct invagination of the primitive gut and the presence of triradiated spicule rudiments at the appropriate embryo sites (Table 1, LG; Fig 1a) .
As development proceeded, between 42 and 50 hours of development, depending on the experiment, 89-92% of control embryos reached the pluteus stage (Table 1, Pl; Fig 1e) . On the contrary, cadmium-exposed embryos developed with abnormalities, which were more severe in those embryos that received higher cadmium concentrations. We found 51% of plutei with abnormal skeletal patterning (Table 1, aPl; Fig 1f) , and 72.5% of embryos at the prism stage (Table 1, Pr; Fig 1g) . All other delayed or aberrant morphologies were observed with different proportions, such as late gastrula, abnormal gastrula, and early gastrula. Again, in the case of the highest cadmium concentration, the worst effect was observed because 94% of the embryos were found as the so-called abnormal blastula (Table 1, aBl; Fig 1h) . At all stages up to 50 hours after fertilization, trypan blue exclusion confirmed that embryos were alive. When embryos were observed at 72 hours of cadmium exposure, while control embryos had reached the late pluteus stage, exposed embryos eventually died, even at low cadmium concentrations (not shown).
To obtain information on the reversibility of the treatment, we performed some experiments in which cadmium was removed by washing the embryos in normal seawater; then embryo development was monitored and scored as summarized in Table 2 . We found that the earlier the cadmium was removed from the culture the better the embryos recover normal development and morphogenesis. In particular, when cadmium was removed after 15 hours of exposure, most of the embryos were able to develop a normal morphology. On the contrary, when cadmium was removed after 24 hours of exposure, none of the embryos recovered. Cadmium washing out after 18 or 21 hours had an intermediate time-of-exposure-dependent outcome.
Cloning of Pl-MT cDNA
Total RNA was extracted from the prism-stage embryos of P lividus and used for RT-PCR as described in the Materials and Methods. The amplification product obtained, having an expected size of 303 bp, was cloned and sequenced. In Figure 2A , the nucleotide sequence of the clone isolated in this study, as well as its deduced amino acid sequence, is reported. The full-length cDNA contains the complete open-reading frame and codes for a protein consisting of 66 amino acid residues, 20 of which are cysteines, lying at conserved positions with respect to the other sea urchin MT genes. As measured by Blast (Altschul et al 1990) and Fasta (Lipman and Pearson 1985) nucleotide sequence programs, Pl-MT (including the 3Ј untranslated region) showed an identity of 75% and 76% with S granularis MTa and MTb, respectively. Similarly, Pl-MT showed an identity of 73% and 75% with S purpuratus MTa and MTb, respectively. Amino acid sequence alignment with other members of the MT family, so far identified in sea urchins, is shown in Figure 2B . The highest identity, obtained by the ALIGN Expasy program, corresponding to 73.5%, is found with MTa from S granularis (Scudiero et al 1994) and 72% with MTb from S granularis (Scudiero et al 1994) and MT from Lytechinus pictus (Conlon et al 1987; Cserjesi et al 1997) . Comparison with both MTa deduced isoforms found in S purpuratus (Wilkinson and Nemer 1987) and with the one found in S neumayeri (Scudiero et al 1997) showed an identity of 70%, whereas with MTb from S purpuratus (Wilkinson and Nemer 1987) showed an identity of 67%. However, Pl-MT shares with SpMTa the same 700-base messenger RNA length, in contrast to SpMTb the transcript of which is 900 bases long (Wilkinson and Nemer 1987) .
Amino acid sequence comparison with Pl-MT1 and Pl-MT2 protein isoforms described in P lividus (Scudiero et al 1995) revealed a very high identity (97-98.5%). Despite this high degree of identity, 1 ''non-conserved'' substitution in position 49 (aspartic acid to glycine) is found when compared with Pl-MT1 isoform. In addition, 2 ''non-conserved'' substitutions in positions 49 and 58 (aspartic acid to glycine and valine to glutamine) are found when compared with Pl-MT2 isoform. Till date, because the nucleotide sequences corresponding to the protein isoforms Pl-MT1 and Pl-MT2 are not known, it is not possible to discriminate between a multigenic family and a polymorphism.
Finally, a cadmium-inducible, cysteine-rich, MT-like protein from the marine sponge Suberites domuncula (Schrö der et al 2000; accession number AJ245813) has been aligned together with the sea urchin deduced proteins. A phylogenetic tree was constructed and rooted with the S domuncula sequence (Fig 2 B,C) . The tree shows that the sea urchin MT polypeptides fall into 3 branches. The closest related are the proteins from S neumayeri and S purpuratus, whereas the sequences from P lividus and the sequences from S granularis and L pictus are somewhat more distantly related.
Analysis of Pl-MT expression
To investigate the putative involvement of MT in P lividus embryos exposed to heavy-metal treatment, we first analyzed the expression of the Pl-MT gene by Northern blot in normal embryos at the late gastrula stage (24 hours after fertilization) and in embryos continuously cultured in the presence of different concentrations of CdCl 2 and harvested at the same time as controls. We found that Pl-MT was constitutively expressed at low levels in control (Scudiero et al 1995 (Scudiero et al , 1997 , Strongylocentrotus purpuratus (Nemer et al 1991) , Sphaerechinus granularis, and Lytechinus pictus (Conlon et al 1987; Cserjesi et al 1997) , and MTL-1 from Suberites domuncula (Schröder et al 2000) . (C) Phylogenetic tree using Pl-MT and sequences listed in B. The phylogenetic relationship of the sequences is computed after alignment by constructing a rooted tree. The numbers at the nodes are an indication of the level of confidence for the branches as determined by bootstrap analysis (1000 bootstrap replicates). The scale bar indicates an evolutionary distance of 0.1 aa substitutions per position in the sequence. The S domuncula sequence was chosen as outgroup. cDNA, complementary deoxyribonucleic acid; PCR, polymerase chain reaction. embryos and little, if any, increment was detectable in embryos exposed to 10 Ϫ5 M of CdCl 2 , in agreement with the absence of morphological abnormalities scored (not shown). A modest increase in the levels of Pl-MT expression was observed in embryos exposed to 10 Ϫ4 M CdCl 2 (not shown). Therefore, we extended our studies to the expression of Pl-MT in embryos continuously exposed to 10 Ϫ3 M CdCl 2 and harvested at different developmental stages, from the early blastula (6 hours after fertilization) to the pluteus stage (48 hours after fertilization). Results shown in Figure 3A indicate that Pl-MT is constitutively expressed, at very low levels, during normal sea urchin embryogenesis, as observed by Northern blotting with total RNAs isolated from embryos harvested at 6, 12, and 24 hours after fertilization. However, when control embryos reached the pluteus stage, 48 hours after fertilization, a modest increase in Pl-MT levels was observed, probably because of a physiological, although still unknown, role of the protein in embryos at this stage. After cadmium exposure (10 Ϫ3 M CdCl 2 ), a 3-fold and a 2-fold increase in the Pl-MT transcription levels was detected at the blastula (12 hours) and gastrula (24 hours) stages, respectively. To validate a simple and rapid assay for the detection of different levels of MT in embryos exposed to cadmium stress, we developed a relative RT-PCR assay, as described in the Materials and Method. Results of a representative experiment are shown in Figure 3B , in which the Pl-MT expression in control and cadmium-exposed embryos is compared. Quantitative analysis showed a 2-fold increase in the levels of the Pl-MT transcript already after 6 hours of culture in the presence of cadmium chloride. A 3-fold increase was found in embryos exposed to cadmium for 12 hours, confirming results obtained by Northern blotting. The 2-fold increase observed at 24 hours of exposure declined in embryos treated for 48 hours. However, it should be recalled here that it is not possible to discriminate among different MT isoforms either by Northern or RT-PCR experiment, and that the expression levels that we measured are eventually the sum of different messages.
DISCUSSION
In this report, we investigated the potential correlation between sublethal concentrations of cadmium chloride and the MT gene expression during the development of P lividus embryos. We found that significant increases in the levels of Pl-MT can be used as an early marker of stress in embryos exposed to high concentrations of heavy metal in the laboratory. Previously, it has been de-scribed that cadmium exposure of sea urchin gametes and embryos induces the development of malformations, DNA damage, and disturbances of mitotic spindle formation (Pagano et al 1982) . These results are confirmed and extended in this study, which describes the morphological changes in better details with particular attention to the morphogenetic events occurring during gastrulation or during skeletogenesis (or both). These disturbances of developmental processes are highly important because they can be used to obtain information on how marine organisms cope with polluted seawaters. For this purpose, we developed a procedure to assess the extent of abnormalities in the embryo on the basis of morphological categorized and schematized criteria. The defects scored mostly consisted in gut and skeletal abnormalities (elongation and patterning), as well as impairment of differentiation and block of development. We found that the major toxic effects on development were detected when P lividus embryos were cultured in the presence of 10 Ϫ3 M CdCl 2 for at least 24 hours; at 10 Ϫ4 M and 10 Ϫ5 M CdCl 2 a weaker effect was observed. At earlier stages, no impairment in embryo development was detected, even at the highest CdCl 2 concentration tested, calling for a cadmium accumulation lag period needed to obtain a visible effect. Our results are in agreement with those reported previously (Fernandez and Beiras 2001; Radenac et al 2001) , showing that lower concentrations of CdCl 2 exhibit a low toxic effect on the initial larval development. However, over longer time periods (48-50 hours, when control embryos reached the pluteus larval stage), highly toxic effects were observed, with a broader spectrum of aberrant morphologies. In addition, we defined the temporal window within which the effects of cadmium were not reversible, ie, embryos exposed for longer than 24 hours to cadmium could not be rescued by the removal of the ion. This reinforces the concept of a time-and dose-dependent threshold of cadmium exposure. On the other hand, it is well known, but not yet understood, that levels of toxins needed to produce effects in the laboratory are often orders of magnitude greater than those that are harmful in the environment. This is possibly a consequence of the fact that in the wild a sum of the effects is obtained because of the putative presence of several different toxins acting at the same time.
Sea urchin has been proposed to represent a simple and valuable model system to test environmental perturbations in ecotoxicological studies (Dinnel et al 1988; Sconzo et al 1995; Morale et al 1998; Matranga et al 2000) . However, the overexpression of stress genes has never been correlated with toxic effects of sublethal doses of cadmium chloride in the sea urchin development.
To establish Pl-MT as a marker of stress caused by exposure to cadmium chloride, we first analyzed its endogenous expression. We found that very low basal levels of Pl-MT transcripts are expressed in eggs (not shown) and in embryos at cleavage (6 hours), swimming blastula (12 hours), late gastrula (24 hours), and pluteus (48 hours) stages. Pl-MT transcript content increases with the developmental stage, in agreement with results reported by others (Wilkinson and Nemer 1987 ). However, it should be remembered that the levels of MT may vary considerably, depending on the sea urchin species analyzed (Scudiero et al 1997) . In addition, it has been shown that the level of MT in the Antarctic icefish is not consistently correlated with the rate of transcription (Carginale et al 1998) .
Although the function of MT remains unclear, a number of studies on marine organisms have shown its possible involvement in putative detoxification processes occurring after exposure to heavy-metal pollutants such as zinc, cadmium, and copper (Bonham et al 1987; LyonsAlcantara et al 1998; Cajaraville et al 2000) .
In this article we report that, although toxic effects of cadmium on embryo development are not detectable before 24 hours of exposure to the heavy metal, the Pl-MT transcripts can be detected after 12 hours of treatment by Northern blotting and after 6 hours of treatment by RT-PCR. This gives the opportunity to use Pl-MT as an early marker of stress. The fact that the increase in MT expression was found to be modest (2-to 3-fold) and detectable at high cadmium chloride concentrations (10 Ϫ3 M) can be probably because of the short lengths of times of cadmium exposure given. In particular, the rather small increment in Pl-MT expression, found at 6 and 48 hours of embryo development, could be indicative, in the first case, of the short time of exposure, whereas in the second case, of the fact that Pl-MT overexpression is not enough to cope with the toxic effects caused by high cadmium concentrations in embryos that are probably close to dying.
The use of MT gene expression as a marker of stress is not new in marine invertebrates; recently, we reported that, using the marine sponge S domuncula as a model, the expression of a gene encoding for MT was strongly increased after exposure to cadmium (Schrö der et al 2000) . Furthermore, we demonstrated that MT is a useful marker for the assessment of cellular stress against environmental load (Schrö der et al 2000) . However, it has been shown that the degree of MT induction in mussels may strongly vary between species and tissues (Bebianno and Serafin 1998) . Moreover, cadmium does not induce expression of MT protein in rainbow trout skin epithelial cells (Lyons-Alcantara et al 1998).
It has been described that the expression of other stress markers is associated with transcriptional modifications caused by treatment with heavy metal, temperature stress, or other factors (Lyons-Alcantara et al 1998; Carginale et al 1998; Schrö der et al 1999; Gianguzza et al 2000; Roccheri et al 2000) . It is, however, interesting to note that not all these studies agree in defining a unique marker of stress, possibly because of different systems used (sponges and sea urchins vs mussels and trouts) or because of limits of the experimental procedure (Northern hybridization vs RT-PCR). It would be therefore interesting to define a stress gene, induction of which is caused by a single stressor, as well as the experimental conditions to assess the extent of expression of the gene. In conclusion, we confirm the validity of MT as marker of exposure and provide evidence that Pl-MT and sea urchin embryos can be used as a potentially valuable and sensitive detection model for rapid evaluation of major environmental hazards.
